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QgCQMPOSITIQM  0^'  ORGAHIS  WTJgR  IN  90ILS 
IHTHODnCTIOM 

Oocurrenoe  of  Carbon  Gompotinc^^^ 

Carbon  oompounaa  cura  univeraally  distributed  in  all 
agricultural  Boiia.    They  are  ever  be  in, 5  produced  and  con« 
sumed  in  the  natural  cycle  of  the  element.    The  eouroee  of 
gain  in  relation  to  soils  are: 

1.    By  bacteria 

2m    By  green  plants 

3.  By  rains  and  snow« 

4.  Absorption  of  the  gas 

5*    Carbon  dioxide  from  below. 

1.    Bacteria  are  usually  regarded  as  liberators  rather 

than  fixers  of  the  element  carbon,  yet  species  hiive  been 

isolated  wl^iioh  perform  the  latter  function*  Kaeerer^^) 

dSBonetrated  the  production  of  organic  matter  by  baoteria 

growing  in  inorganic  media  in  an  atmosphere  containing 

carbon  and  hydrogen*    The  work  was  confirmed  by  Nabokish 

and  Lebendeff^^)  who  showed  the  disappearence  of  hydrogen 

and  carbon  accompanying  their  fixation* 

2*    It  is  generally,  not  universally,  aaauwed  that  green 

plants  take  all  their  oarbon  from  the  air*    Thus  a  green 

crop  plowed  under  will  add  300  to  1,000  pottads  of  orgfinio 

matter  per  acre  (dry  basis)  or  approximately  *04  per  cent* 

^     areen  plants  are,  undoubtedly,  the  greatest  source  of  ^jain,  yet 

^?     the  amount  is  small  in  relation  to  that  already  existing  in 

I]     the  soil*    Even  poor  soils  may  contain  60,000  pounds  per  acre* 
zz>     »«»••»«»«»«(»••*»•»••••••••<•••►•••••»•■••••••*•*••••"•••'•■'""■***"'"*  * 

(1)  Kaoerer.  Cent*  Bakt*  2  abt.  15  (190S)  p*  573 

ibid*  abt*  16  (1906)  p*  681 

(2)  Habokish  and  Lebendsff,  ibid,  abt*  17  (1906)  p*  360. 
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3.    Rains  and  snows  wash  GO^  from  the  air,  probably 
combined  with  NH3  as  arnmoniura  carbonate.    Schumacher! 3)  gives 
the  CO2  content  of  rain  water  as  0.3  to  1.0  volume  in  1.000 
of  rain.     Thus,  a  region  having  a  36  inch  rainfall  would 
annually  receive  from  400  to  1500  cubic  feet  of  CO2  or  from 
50  to  175  pounds  of  GOg.     Such  a  figure  seems  very  small, 
yet  it  helps  to  compensate  the  numerous  loses. 

4*     Soils  have  an  absorptive  power  for  gases,  especially 

carbon  dioxide  and  ammonia.    Ferric  hydrate,  alumina  hydrate , 

humus  and  clay  appear  to  be  the  most  active  soil  constituents 

as  regards  absorption  of  COg.    Reichardt  and  Bluratritt(4) 

determined  the  volume  of  gas  absorbed  by  equal  volumes  of 

various  substances  and  the  per  cent  of  COg  contained, 

ABSORPTION  OF  CO2  -  REICHARDT  AND  BLUMTRITT 

Total  gas  absorbed         Per  cent  COn 
MATERIAL  by  1,000  grams  by  volume 

Charcoal  164  0 

Peat  102  51 

Garden  soil  14  33 

Fe(0H)3  375  70 


Feo03  39  4 

'       '  59 

34 


AlfoH).»  69  59 


Clay  m^ist  29 

Silt  40  32 

Mg.C03  729  29 

CaS04.2H20  17  0 

The  constituents  found  abundant  in  clay,  viz,  -  iron  and 
alumina  as  hydrates,  show  a  strong  absorptive  power  for  C02« 
Peat  is  relatively  high.    Von  Dobeneck(5)  obtained  the 
following  results: 


(3)  Schumacher,  Ernahrung  der  Pflanze,  Berlin  (1864)  p.  76 

(4)  Reichardt  and  Bluratritt,  Jour,  prakt,  chem,  98  (1866)  p.  476 

(5)  Von  Dobeneck,  Forsch.  Agr.  Phys,  Band  15  (1892)  p.  201, 
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Von  Dobeneek 


CO2  abaorbed  by  minerals 


(Quartz  100  grams 

Kaolin  100  grsvine 

Humua  100  grama 

Fe(0n)3  100  graiaa 


0.023  gr.  CO2 

0.261  {jr.  OO2 

1.773  gr.  CO2 

6.054  gr.  COo 


If  wa  let  quarts  repreaent  aand  and  kaolin  clay  and 
combine  the  reaulta  of  Heiohardt  and  Blumtritt  with  thoae 
of  Von  Dobeneok  it  ia  aafe  to  conclude  that  the  aoil*a 
abaorptive  capacity  for  COg  ia  largely  due  to  ita  clay  and 
humua  content  and  to  the  atate  of  ita  iron  oompounda. 

To  show  that  soil  a  do  actually  take  on  carbon  by 
absorption  the  reaulta  of  Lemmerman^^)  may  be  cited.  He 
allowed  a  kilogram  of  aoil  to  incubate  for  a  period  of  eight 
weeks.    The  total  oarbon  waa  determined  at  the  beginning 
and  end  of  thia  period  and  an  increaae  of  0.33  grama  waa 
obaerved  in  one  inatance  and  0.02  grama  in  another. 

5.    Many  carbon  containing  depoaita  exist  within  the 
earth*  a  cruat.    Juat  how  much  carbon  may  come  to  the  surface 
from  theae  depoaita  cannot  be  determined,  but  it  ia  probable 
that  methane  produced  below  may  gradually  riae  to  the  surface 
and  upon  reaching  better  aerated  conditiona  be  oxidised  to 
C02»    The  deeper  soil  layers  contain  greater  quantities  of 
CO2  than  the  surface  layers.    Kbermayer( give  the  following 
figures  at  70  and  15  cm.  respectiTely. 

(6)  Lemmcrraan,  Aeo.  :7isaher  and  STewenius.    Landw  .Tahrb 
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XkOcTmSLyQjT 

COg  content  at 

different  deaths 

Beech  woods 

70  cm. 

1.19 

% 

COo 

15  cm. 

,62 

N 

Pine  woode 

70  cm. 

9,39 

H 

M 

15  cm. 

1.13 

W 

N 

Moss 

70  cm. 

7,98 

tt 

M 

15  cm. 

1.93 

M 

n 

Sod 

70  cm. 

4.13 

n 

H 

15  cm. 

,60 

H 

N 

Bare  ground 

70  cm. 

7.02 

N 

M 

15  cm. 

1.19 

N 

N 

Pfeffer(Q)  gives 
depth  of  six  meters  as 

the  COg  content 
Qfo  OT  more. 

of  the 

soil  air  at  a 

While  it  ia  possible  that  the  increased  amount  of  carbon 
dioxide  in  the  lower  layers  is  due  to  the  downward  flow  of 
the  gas,  it  is  more  probable  that  it  is  diffusing  up  from 
below,  in  which  case  it  would  be  an  additive  agent. 


SOURCBS  05'  LOSS  OF  CARBON  FROM  SOILS 
Soils  may  lose  carbon:  (1)  through  leaching,  (2) 
through  evolution  of  COg,  (3)  through  possible  removal  by 
crops. 


That  soils  under  certain  conditions  decrease  in  organic 
content  is  frequently  observed,    Walker(9)  reports  a  decrease 
in  hiinus  content  on  non- rotated  fields  as  follows: 


Per  cent 

humus 

Difference 

1895 

Corn  continuous 

3.23 

2.96 

-0,27 

Mangels  continuous 

3,03 

2.86 

-0,18 

(8)  Pfeffer,  Physiology  of  Plants.    Ewart,  (1899),  vol.  I  p,  171 

(9)  Walker,  Minn.  Exp,  Station,  Tech.  Bulletin  128,  p,  179. 


Rotated  fields  and  fields  growing  legumes  continuously 
showed  a  slight  gain  in  the  ten-year  period.    Mooers.  Hampton 
and  Hunter(lO)  gj^ow  that  only  when  the  crop  io  removed  can 
a  decrease  in  humus  content  be  expected, 

1.    LOSS  through  leaching.    Soils  have  a  strong  absorp- 
tive power  for  organic  matter;  therefore,  little  or  no 
carbon  is  lost  in  that  form.    To  show  what  a  small  amount  of 
organic  matter  is  soluble  in  the  presence  of  soil,  analyses 
by  Sutton^ are  here  quoted.    He  analyzed  the  surface 
water  of  cultivated  fields  and  found  it  to  contain  but  .4 
part  of  organic  matter  in  100,000,  a  seeming  insignificant 
amount.     If  organic  matter  were  subject  to  loss  by  leaching 
we  would  expect  the  subsoil  of  a  continuously  manured  plot 
to  contain  more  carbon  than  that  of  a  non-manured  plot.  Such 
is  not  the  case.    Dyer(^^)  shows  that  the  subsoil  of  a  plot 
manured  for  fifty  years  contains  no  more,  even  less,  carbon 
than  that  of  a  plot  undunged  for  forty-one  years* 

Carbon  in  third 
 Dyer  9  inch  layer  of  soil 

Dunged  9  years,  undunged  41  years  .515  %  C 

Dunged  50  years  .492  %  C 

The  difference  is  within  the  limit  of  error. 
To  be  capable  of  leaching  organic  matter  must  be  sol- 
uble and  when  in  solution  it  is  easily  precipitated  by  bases. 

Carbon  as  bi-carbonate  of  lime  is  easily  lost  as  is 
shown  by  frequent  analyses  of  drainage  waters  from  limed 

(10)  Mooers,  Hampton  and  Hunter,  Tenn.  Exp,  Station  Bulletin 

96,  part  II 

(11)  Sutton,  Volumetric  Analysis,  Sth  Ed.  (1900)  p.  496 

(12)  Dyer,  Office  of  Exp.  Stations  Bulletin  106,  p.  39. 


fi.    ttoc20  Qjxhzn  may  \)«  loet  t>ii»0'at^\  ©YOlutloji  of  COy, 
but  if  Any  t/.^;  amount  rauat  be  tliglit, 

5.    To  say  that  plants  aay  maove  oarbDn  from  th«  »oll 
may  94«m  contrary  to  our  t^aaohinja,  yot  Lhwro  aro  nujMrouo 
•vi^i<3no«a  that  plants  my  dariT«  a  part,  ?it  l«uat,  of  th-slr 
earoon  throagii  thaip  roots. 

It  hiia  bott.i  objor^od  at  the  r^othAiintnad  fltntion  that 
poor  oropa  of  i^eat  duo  to  un^ftvopahlo  oltmati.a  oonlitloni 
haT«  hi^or  p^Toonias/^^  of  aah  •Xononto  than  ,pod  ^rops. 
Rsnoe  lainaralti  do  aot  ^Oifm  to  be  limiting  faotors,  Canaron^^^) 
uses  thio  argument  to  pro  ye  that  the  use  of  mineral  fertilisers 
is  largely  to  neutralifte  toxio  aubatuncea,  but  it  cuula  be 
used  equally  well  to  8ho«  t}iat  the  aynthesis  of  org^lc 
matter,  as  well  as  the  uBsiuiulatxon  of  minerals  la  nn 
Important  factor  In  plant  growth* 

To  show  the  value  of  organic  matter  in  aqueous  extracts 
of  poor  soils  the  Bureau  of  Soils^^^^  used  a  manure  extract 
as  follows:    One  portion  of  the  extract  was  eyaporated  and 
ignited  to  destroy  the  orf5:anic  matter.    The  other  part  was 
used  without  ignition.    The  solution  to  which  the  unignited 
manure  extract  was  added  gave  a  far  superior  growth.  Cameron 
attributes  the  value  of  the  organic  matter  In  the  extract  to 
its  probable  absorbent  action  on  toxio  substances,  but  it  is 
also  probable  that  the  plants  absorbed  certain  organic 
nutrients  from  it* 


(13)  Hall  ana  liilXer,  Proc.  Roy.  \^oc.  ser  B  77  (lOOB)  P* 

(14)  Cameron,  The  Soil  Solution  (1911)  P.  14 

(15)  Ibid,  p*  85. 


Gardner^-^o^  determined  the  effect  of  many  substances, 
mineral  and  organic,  on  transpiration  and  upon  the  amount  of 
green  matter  produced  per  unit  of  water  transpired.  The 


following  figures  give  the  summarized  results  of  many  trials: 


Growth  due 
fertilizer 

lirowth  per 
unit  water 
transpired 

Transpiration 
per  unit 
growth 

0  check 

100 

100 

100 

p 

104 

y7,o 

K 

113 

107 

93.6 

K.P. 

118 

108 

92.6 

Lime 

127 

103 

97.0 

N 

146 

116 

86.2 

N.P. 

144 

119 

84.0 

N.P.K. 

152 

123 

81,3 

N.K. 

154 

125 

80.0 

N.P.K.L. 

173 

129 

77.5 

Manure 

193 

135 

74.0 

Clover  and  lime 

197 

143 

69.9 

It  will  be  noted  that  the  last  two  treatments,  which 
are  organic,  not  only  gave  the  greatest  growth,  "but  gave  the 
greatest  growth  per  unit  of  water  transpired.    This  work 
was  done  with  soil  solutions  so  the  effects  of  the  organic 
matter  cannot  he  due  to  its  action  on  the  physical  condition 
of  the  soil,  nor-    to  its  solvent  action  upon  minerals.  It 
is  fair  to  conclude  that  the  presence  of  carbon  in  the  soil 
solution  decreases  the  transpiration  necessary  to  produce 
a  unit  of  dry  matter,  a  strong  indication  that  plants  may 
assimilate  carbon  through  their  roots, 

^uarriet^*^)  reports  large  increases  in  garden  crops 
through  the  application  of  carbon  dioxide  to  the  soil  through 

16)  Gardner,  Bureau  of  Soils,  U.S.D.A.  Bulletin  48,  p,  54 
17}  ^uarrie,  The  Application  of  COo  gas  to  the  Soil; 

Scientific  American,  Supplement  (1914)  p.  399, 
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pipeo.    Borneinann(lS)  reports  like  resulta  with  spinach. 
Mit8cherlich(l^) .  on  the  other  hand,  obtained  no  increase 
from  the  application  of  water  saturated  with  COo.  The 
posBilDility  of  adding  an  excess  of  water  or  of  gas  renders 
the  results  inconclusive.    We  know  that  in  ordinary  practice 
CO2  producing  materials  are  seldom  injurious. 

DeSassure^^^)  compared  the  growth  of  plants  in  pure 
water  with  water  containing  one- fourth  its  volume  of  carbon 
dioxide  and  found  that  the  carbonated  water  was  injurious 
to  growth  in  the  early  stages,  but  not  so  later  in  the  life  of 
the  plant.    At  the  conclusion  of  the  experiment  the  plants 
grown  in  the  carbonated  water  weighed  46.4  grams,  while  those 
growing  in  pure  water  weighed  45.5  grams, 

Hellreigel  and  wilfarth^^l) ^  Franke^^^^,  Eerthelot^^^^  and 
SchoesBing  and  Laurent^ all  report  the  utilization  of  organic 
nitrogen  by  green  plants.    Schreiner^25)  ^j^^  ^lia  associates 
have  isolated  createnine,  an  organic  nitrogen  compound,  from 
soilB  and  proved  its  beneficial  action  upon  plant  growth* 

(18)  Bornemann,  D.L.G.  28  (1913)  No.  31.  p.  443 
191  Mitscherlich.  E.A..  Landw  Jahrb,  Bd  39  (1910)  p.  157-166 
20)  DeSassure.  Theod.  Recherches  Chemiques  sur  la  Vege'tation. 
Paris  1804.  p.  27  and  28 

(21)  Hellreigel  and  W<ilfarth,  Ann.  Agron.  Tome  XV 

(22)  Franke,  Ann.  de  la  Soc.  Agron.  Tome  II 

(23)  Berthelot,  Ann.  de  Chim  et  de  Phys.  Tome  XIII,  p.  5 

(24)  Schloessing  and  Laurent,  Ann.  de  1» institute  Pasteur 

Tome  VI 

(25)  Schreiner,  Shorey,  Sullivan  and  Skinner,  U.S.D.A. 

Bureau  of  Soils  Bulletin  83. 


Lefevre^26)  ^^^^  plants  in  an  artificial  soil  made  from  sand 

and  moss,  supplied  with  amids  and  sterilized  so  that  further 

oxidation  of  these  compounds  would  be  avoided.    The  entire 

plant  was  enclosed  in  an  atmosphere  freed  from  carbon  dioxide. 

Under  such  conditions  it  is  evident  that  any  growth  must 

result  from  the  assimilation  of  the  amids.    Lefevre  obtained 

normal  growth  and  concludes  that:    1.    in  a  soil  supplied  with 

amids  one  may  develop  green  plants  without  carbon  dioxide, 
(27) 

2.     ^     'The  growth  thus  produced  is  a  real  synthesis  not  a 
(pousee  aqueuse),    3.     (28)^^^j^q^^  li^t  synthesis  from  amids 
is  impossible. 

So  much  for  nitrogenous  organic  substances,  Molliard^^^^, 
using  glucose,  and  Laurent(30)  and  Knudson^^^^,  using  other 
carbohydrates  luive  shown  that  plants  assimilate  sugars  and 
that  these  sugars  are  used  to  synthesize  dry  matter. 

Ravin^^^)  compared  the  effects  of  organic  acids  with 
their  acid  and  neutral  salts  and  concluded  that  such  organic 

(26)  Lefevre,  Jules,  Sur  le  developpement  des  plantes  vertes 

a  la  lumiere  en  1* absence  complete  de  gas  carbonique 
dans  un  sol  artificial  des  amides.    Comptes.  Kendus. 
141  (1905)  p.  211-213,  also  p.  664-665 

(27)  Ibid.,  p.  834-835 

(28)  Ibid.,  p.  1035-1036 

(29)  Molliard,  M.,  Culture  piire  des  plantes  vertes  ^dans  une 

atmosphere  confines'  en  presence  des  matieres 
organiques.     Comptes. Rendus. 141  (1905)  p.  389-391 

(30)  Laurent,  M.J,,  Recherche s  sur  la  Nutrition  Carbonee  des 

Plantes  Vertes  a  L»aide  de  Matieres  Organiques. 
Revue  General  de  Botanique,  Tome  16  (1904)  p.  14-43 
N  II  »»  «  M        •»      p.  96-117 

(31)  Knudson,  Lewis,  Influence  of  certain  Carbohydrates  on 

Green  Plants.    Corr^ell  Memoir  9  (1916) 

(32)  Ravin,  Nutrition  Carbonee  des  Phanero games  a  L'aide  de 

quelques  acids  organiques  et  de  leur  sels  potassiques, 
Comptes,  Rendus,  154  (1912)  p.  1100-1103. 
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acide  as  malic,  tartaric,  citric,  succinic  and  oxalic  may  be 
assimilated  by  plants  and  further  that  these  organic  acids 
are  more  nutritive  than  their  corresponding  salts  or  acid 
salts. 

So  far  we  have  considered  the  assimilation  of  carbon 
from  materials  of  known  composition;  namely,  CO2,  araids, 
carbohydrates  and  organic  acids,    Molliard^^^^ ,  to  put  the 
matter  on  a  more  practical  basis,  experimented  with  humus 
extracted  from  soil.    The  work  was  carried  on  under  sterile 
conditions,  but  it  was  impossible  to  prevent,  entirely,  the 
evolution  of  COg;  therefore,  definite  conclusions  cannot  be 
drawn. 

The  most  conclusive  proof  that  green  plants  can  take  up 
carbon  compounds  through  their  roots  is  their  growth  with  the 
foliage  enclosed  in  an  atmosphere  entirely  devoid  of  carbon 
dioxide.    Pollacii^^*)  grew  plants  in  a  culture  bottle  within 
a  large  receptacle,  each  being  provided  with  tubes  so  that 
the  water  or  air  in  each  may  be  renewed  and  controlled 
independently  of  the  other.    The  plants  were  sealed  into  the 
stopper  with  wax.    By  adding  CO2  to  the  nutrient  solution  and 
excluding  it  from  the  aerial  portions  of  the  plant  he  has 
successfully  grown  plants  and  even  revived  the  chlorophyl  in 
etiolated  leaves. 

(33)  Molliard,  M.,  L»humu8  est  il  un  source  direct  de  Carbon 

pour  plantes  vertes  superiense?    Comptes.  Rendus. 
154  (1912)  p.  291-294 

(34)  Pollacii,  G, ,  Nuove  Recherche  Sull ' assimilazione  Del 

Carbonic.    Bullitinino  Delia  Societa  Botanica 
Italiana  (1911  and  1912)  p.  208-211. 
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From  the  evidence  in  the  foregoing  pages  it  may  be 
concluded  that  green  plants  can,  and  probably  do.  take  carbon 
through  their  roots.    Just  what  form  or  what  proportion  of 
the  total  carbon  in  the  plant  this  may  be  cannot  be  stated, 
but  the  fact  itself  is  enough  to  make  us  turn  our  attention 
to  the  soil  organic  matter. 


12. 


jDecomposition  of  organic  matter 

Hopkine^^^)  states  that:     "It  is  the  decay  of  organic  matter 
and  not    the  mere  presence  of  it  that  gives  life  to  the  soil. 
Partially  decayed  peat  produces  no  such  effect  upon  the  pro- 
ductive power  of  the  soil  as  follows  the  use  of  farm  manures 
or  clover  residues,"    Lohnis^^e)  declares  that  the  organic 
matter  is  the  life  of  the  soil  and  upon  its  decay  depends  the 
fertility  of  the  soil. 

Realizing  the  importance  of  organic  matter  and  its  decom- 
position with  reference  to  soil  fertility  many  investigations, 
demonstrating  the  rate  of  decay  and  factors  influencing  it,  have 
been  made. 

Van  Suchteln^^'''^  has  used  the  rate  of  decay,  measured  by 
carbon-dioxide  production,  as  a  measure  of  bacterial  activity. 
This  method  recognizes  CO2  as  the  ultimate  and  moat  representa- 
tive end  product  of  decay.    He  showed  the  influence  of  moisture 
and  of  frost,  the  effect  of  soluble  sugars  and  of  salts  on 
bacterial  activity..    His  results  showing  the  action  of  fertil- 
izers on  the  rate  of  decay  are  closely  related  to  our  subject 
and  will  be  reported.    He  mixed  the  materials  in  six  Kg.  of 
soil  and  determined  the  amount  of  carbon  dioxide  produced  in 
twelve  hours. 

(35)  Hopkins,  Soil  Fertility  and  Permanent  Agriculture  (1910) 

p.  195  -r 

36)  Lohnis,  Boden  Bakterien  and  Boden  Fruchbarkeit. 

37)  van  Suchteln,  Uber  die  Messung  der  Lebensthatigkeit  der 
aerobischen  Bakterien  im  Boden  durch  die  Kohlensauer 
produktion.     Cent.  Bakt.  etc.  Abt,  2,  Bd  28  (1910) 
p.  45, 
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van  Suchteln  Action  of  ibrtilizer  Materiala 

6  kg.  eoil        NO  addition  146  mg.  of  COo 

"  •*          90  gr,  MgS04H2Q  408     «  « 

"  "  +     6  gr.  CaO                            62  « 

"  +    30  gr,   (NH4)2S04  864 

•*     "  M  +     6  gr.  Superphosphate  306  "  »• 


The  increaaea  from  applied  materiala  are  quite  large 
with  the  exception  of  lime,  which  has  evidently  ahsorbed  the 
gas  produced.     One  function  of  fertilizers  may  be  to  hasten 
the  decay  of  organic  matter, 

Leramerman^SS)  an^  associates  worked  with  the  influence  of 
lime  compounds  on  decay.    They  compared  the  oxide  and  carbonate. 
They  found  that  COg-production  could  not  be  taken  as  a  measure 
of  bacterial  action  with  lime,  because  the  oxide  absorbed  and 
the  carbonate  gave  up  CO2.    To  offset  the  difficulty  they 
carried  on  balance  experiments  in  which  the  total  carbon 
was  determined  before  and  after  the  incubation  period,  which 
lasted  eight  weeks.     Their  experiments  show  that  (1)  lime 
hastens  decay,  (2)  kainit  and  a  mixture  of  kainit  and 
superphosphate  does  not  increase  decay,  (3)  dry  organic 
matter  decays  as  rapidly  as  the  same  material  fresh. 

Potter  and  Snyder (39)  report  some  work  along  this  line. 
In  their  experiments  the  soil  was  placed  in  pots  under  bell 


(38)  Lemmerman,  Aso.  Fischer  and  Freaenius,  Untersuchung  uber 

die  Zerzetzung  der  Kohlenstoff  verbindugen 
versoheidener  organischer  Substanzen  im  Boden 
spezlell  under  dera  Einfluss  der  Kalk,    Landw  Jahrb 
41  (1911)  p,  216-257 

(39)  Potter  and  Snyder,  Carbon  and  Nitrogen  Changes  in  the  Soil 

variously  treated  with  Ammonium  Sulphate  and  Sodium 
Nitrate,     Soil  Science  Vol,  I,  No,  1  (1916)  p,  76-94, 
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Jar.  and  the  CO2  eTOlved  was  meaaured  by  drawing  air  orer,  not 
through,  the  toil.    Their  oheerratlons  will  be  mentioned  later. 

rred  «tnd  Tfart^'^O)  showed  that  sulphate  of  aumionia,  sulphate 
of  potaeh  und  pho»phatee  inoreaaed  the  oarb;>n  dioxide  pro- 
duotion,  the  first  named  to  a  marked  degree, 

RuestllUl)  meatares  oxidation  by  deterTnining  the  oxygen 
abeorbed  rether  than  the  COg  produced.    T?it>.er  method  ehould 
give  ftbout  the  same  reealts,  for  many  analyses  sbo*  that  a 
hi(^  oxygen  content  of  soil  eir  i»  accompanied  by  a  low  COg 
content  and  vice  versa.    In  other  words  tlie  sum  of  the  oxygen 
and  carbon  dioxide  is  nearly  constant. 

Rusofll*o  method  ib  to  pl&cti  the  soli  in  a  fl^ssk,  CDnneoted 
on  one  side  to  a  KOH  flac^V  and  on  tlio  other  sids  to  a  mercury 
tube*    The  KOH  absorbs  any  COg  evolved  and  the  rise  of  meroury 
in  the  other  arm  indicates  the  oxygen  absorbed. 

He  determined  the  oxidation  of  many  soiln  by  this  method 
and  concluded  th»t  (1)  in  different  soils  of  the  saa-e  type 
the  rate  of  oxidation  varies  in  the  siune  way  as  the  fertility 
and  may  be  u&ed  as  a  measure  of  it.    This,  if  true,  i& 
lmport.^nt,  for  we  htive  no  other  laboratory  method  of  deter- 
mining the  relative  fertility  of  poils. 

BXPBHIMEIITAL 

The  work  of  previous  investigators  indioetes  oxidation 
tc  be  c  r.cxcurc  cf  fertility  in  ccile;  hence,  the  rtte  ^^^^^^ 

(40)  Fred  and  Hart.  Comparative  Bffect  of  Phosphates  and 

SulfhaUL.  on  Wil  Btcteria.    Wis.  "«»»;'^'»  i^''' 

(41)  Ruoccll,  Journal  Agricultural  Science.    Vol.  I  UCOBj 

p.  261-270. 


oxidation  of  orgatlo  sdrtittona  j3hou7.d  t«  e  seauure  of  their 
effect  v«r,eo«.    ]rar  the  purpose  of  cntiparin,!  or^^i^nlc  m.«iterJolii 
ordiu.iZ'ny  ii.ido4  to  xtim  uoU  the  foUo-in,-  aerien  of  •xperlmant. 

?or  (letemlntng  the  rate  of  oxidntlon  quart  alXJt  bottler 
were  t;i<?<2,    n^^y  T'sr.?  fitted  nlth  t^f^-j-holed.  rubber  utoppere, 
c.o.-f  T',ol«  c.-?xxyin2  «^  elJort  ^3a«,t  tv.b^  irtjil-  the  other  onrried 
fe  %\itHtf  reu.chlng  to  the  bottcaj  ef  the  bottle.    Both  ttjben  were 
fltttrt  vltln  nhort  sibber  o-mreotions  9toT»T»«4  vilth  j^lane  pliige. 

hundred  grnno  rf  rmished  t-^ra^el  were  r>3.Hoed  in  the  botton 
of  thr  bott:.a  to  faoJlltnte  Rcrntlon  am!  afford  a  spaoe  for 
the  ©xoeao  CO'^m    The  or/^^ilc  -atJbJitnnoe  v.'sed  la  thjf»  teat  «a« 
Ui©2?ou.gHly  iai."6d  -^ith  300  grnna  of  »oi»t  soil  (?.5?5  miter) 
iind  iiXaoed  on  top  of  the  ,^nvel*    The  soil  tme  moderately 
coir.pr;atad  by  trfrtplrif-?. 

The  rioll  «3o4  waa  ft  fine,  grjjidy  loan  of  alluYlal 
fbr»ation  v\\lch  had  bee»?  imdor  e»3l titration  for  many  yeara* 
It         stored  In  coTar»d  aeh  barrel*  »nd  not  allowed  to  dry 
o^it,  «o  the  orijriJi*-!  b«j.oterlal  flora  ^ma  auffioient  for  the 
v:ork»    To  maJte  sure  of  %hi*f  one  bottle  waa  Inoculated  with 
10  CO,  of  a  -aRnure  si'STJenRicn*    Thi«  bottle  fl;ave  the  aaaa 
•wiount  0?  OOg  ae  the  uainooulftted  one  after  the  fir«t  week 
of  inoubatlon,  ohowln?  that  there  waa  no  deficiency  of 
organioisa. 

The  rate  of  oxidation  waa  deteriained  oy  laeaaurlng  tne 
anount  of  COg  produced  e-joh  week  ao  follows,    the  ruobor 
coKncotjonr  were  cloaed  with  pinch  cooka,  tne  Kl«»a  PAu^a 
re.-aoTed  »»na  the  bottlea  connected  with  the  abeorption  bottlea. 
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as shown  in  the  diagram.     First  is  an  absorption  bottle  (a) 
containing  NaOH  to  free  the  incoming  air  of  cOg.    Next  is 
the  incubation  bottle  (B)  with  its  outlet  tube  reaching  the 
bottom  to  make  sure  of  complete  removal  of  the  COj,  produced. 
The  absorption  apparatus  (c)  was  devised  to  take  the  place  of 
a  Reisaet(42)  absorption  tower.     The  tower  (d)  is  an  ordinary 
100  cc,  pipet  filled  with  broken  glass  or  beads  to  increase 
the  absorption  surface.     The  pipet  is  connected  with  a 
Chapman  filter  pump.     It  was  found  that  a  rapid  stream  of 
air  could  be  drawn  through  this  tower  without  danger  of 
incomplete  absorption,  and  also  that  four  minutes  of  strong 
aspiration  was  sufficient  to  remove  all  CO2  from  the  generating 
flask. 

Each  bottle  was  aspirated  once  a  week,  uaing  500  cc.  of 

N 

—  NaOH  as  the  absorbent.     The  COo  was  determined  by  the 

double  titration  method^^^),    A  10  cc.  aliquot  of  the 

carbonated  soda  is  titrated  with  phenolpthalein  against 

HCl,  first  using  normal  acid  until  near  the  neutral  point. 

Neutralization  is  completed  with    ^  acid.    This  marks  the 

10 

conversion  of  carbonate  to  bi-carbonate ,  neutral  to 
phenolpthalein, 

NagCOj  f  HCl  +  phenolpthalein   ->    NaHCO^  +  NaCl. 

The  amount  of  acid  needed  to  make  this  change  need  not 
be  known,  nor  is  it  necessary  to  know  the  normality  of  the 
alkali  used, 

(42)  Reisset,  Compte.  Rendu.  Vol.  38,  p.  1001  and  Vol.  90, 

p.  1144  .  , 

(43)  Brown  and  Escomb.  Proc.  Roy.  3oc.  76  (1905)  p.  29. 
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Methyl  orange  is  now  added  and  ^|  HCl  run  in  drop  by  drop 
till  the  neutral  point  ia  reached.    The  exact  amount  is 
recorded  and  is  equivalent  to  the  COg  contained. 

NaHCOj  +  HCl      mo.   ^       NaCl  +  HgO  +  CO2. 

One  cubic  centimeter  of  ^  HCl  equals  4.4  milligrams  of 

COg, 

Cochineal  gives  about  the  same  results  as  methyl  orange, 
but  the  latter  was  used  througliout  this  work. 
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EXPEHIM3NT  I 
LEGUME  FODDERS 

The  plants  were  cut  off  at  the  surface  of  the  ground  when 
in  full  bloom  or  as  near  that  stage  as  possible.    They  were 
dried,  slowly  at  first  and  later  in  the  oven.    When  dry  they 
were  ground  and  reground  until  all  the  material  would  pass 
through  a  2  mm.  sieve.    Fifteen  graras  were  mixed  with  300 
grams  of  moist  loam,  placed  in  the  inoculation  bottles  on  top 
of  a  layer  of  gravel  and  slightly  compacted.    The  bottles 
were  stoppered  and  the  outlet  tubes  closed  with  glass  plugs. 
They  were  allowed  to  incubate  in  the  dark  at  room  temperature, 
the  COg  produced  being  measured  weekly  (usually)  in  the  manner 
juat  described.    An  untreated  soil  served  as  a  check  for  all 
the  following  experiments. 


TABLE  I  MILLI  GRAMS  COg  PRODUCED 


Date 

Loam  36b  gr. ; 
Untreated  ; 

Loarn  '§66  gr ,  ; 
+  soy  bean  ; 
fodder  : 
15  gr, 

Loeuii  300  gr. : 
<■  alfalfa  : 
fodder  ; 
15  gr.  : 

Loam  ^00  gr . 
+  red  clover 
fodder 
15  gr. 

Nov.  15 

:        35.2  : 

475,8  ; 

444.4 

426.3 

Nov,  22 

33.0 

385.0 

336,6 

325.6 

Nov,  29  . 

50,0 

211.0 

242.0 

154.4 

Dec,  6 

52.0 

213.4 

:      281,6  : 

195.8 

Dec.  13 

37.4 

167,4 

200.2 

182.6 

Dec.  21 

48.4 

206.8 

:  228.3 

:  206.8 

Dec.  28 

:  50.6 

237,6 

:  193.6 

162.8 

Jan,  10 

:  41.8 

191.4 

:  189,2 

:  132.0 

Jan,  17 

37,4 

195.8 

:  167,2 

:  143.0 

Jan,  28 

:  28.6 

:  167.2 

:  158.4 

:  162.0 

Feb.  6 

:  35.2 

:  160.6 

:  165.0 

:  169.4 

TOTALS 

•  449.6 

:  2611._4  

:  2607.0 

:  2220.3   

«19« 

The  above  figures  are  plotted  in  Chart  I.    They  show 
that  a  rapid  production  of  cOg  takes  place  the  first  two 
weeks  after  a  legume  fodder  starts  to  decay,  and  that  after 
the  second  week  they  settle  down  to  a  steady  rate  of  decom- 
position.    Apparently  red  clover  decays  a  little  slower  than 
the  other  fodders,  but  there  is  no  great  difference  between 
them. 

There  are  possibilities  of  errors  in  the  aspiration  of 
the  gas,  but  the  irregularities  in  the  curves  are  due  to 
these.     Temperature  changes  affect  all  alike,  hence  the 
general  tendency  is  for  all  to  rise  and  fall  at  the  same 
period,  though  not  always  in  the  same  degree.    The  uni- 
formity of  the  check  indicates  the  accuracy  of  the  method. 
Duplicates  were  run  in  the  early  part  of  the  experiment  but 
the  close  agreement  seemed  to  justify  dropping  them  to  save 
work. 

HUMUS  PRODUCTION 
Equally  important  as  the  rate  of  oxidation  is  the  humus 
produced.    A  substance  may  oxidize  very  rapidly,  as  for 
example  sugars,  and  still  not  increase  the  humus  content 
noticeably.    Such  substances  would  be  of  questionable  value 
as  regards  the  physical  improvement  of  the  soil.  Unpublished 
work(^^)  shows  that  sugars  break  up  very  rapidly  in  the  soil 
and  are  nearly  completely  oxidized  within  a  week  or  two. 
Lactose,  maltose,  saccarose,  dextrose  and  fructose  run 
about  the  same.    Sugar  beets  (Chart  II )  in  the  early  stages 
of  decay  show  the  effect  of  their  sugar,  but  later  gave  about 
the  same  results  as  the  rape  and  swedes. 


(44)  Writer»e 


-20. 

The  materials  used  in  the  CO^  production  experiments , 
having  been  allowed  to  incubate  from  November  8th  to  February 
19th.  were  removed,  dried  and  their  humus  content  determined 
by  the  official  method.    The  results  are  recorded  together  with 
the  total  CO2  production  for  comparison. 

^i-^LE  II   HUMUS  PRODUCTION  

•   Humus,  per  cent        Total  CO2  -  C^. 


Soil      No  treatment  2.96  %  44  cg 

"    +  Alfalfa  3.43  260  •»* 

*    +  Red  clover  3.29  •»  220  " 

^  Soy  beana  3.285"  261  " 


The  figures  indicate  that  there  is  little  choice  between 
the  legumes  in  decay  and  humification. 

EXPERIJISNT  II 
ROOT  CROPS  AND  RAPE 

These  substances  were  used  to  compare  readily  decompose 
able  carbohydrates,  as  found  in  plants,  with  more  inert 
materials.    For  this  purpose  sugar  beet  roots,  swede  or 
rutabaga  roots  and  rape  tops  were  used.    All  of  these  contain 
some  form  of  stored  food,  sugar  or  starch.    The  plants  were 
taken  from  the  field,  air  dried,  then  oven  dried,  and  ground 
fine  enough  to  pass  a  2  mm.  sieve.    Fifteen  grams  of  each  were 
mixed  with  200  grsuns  of  moist  soil  and  placed  in  incubation 
bottles  as  previously  described. 

Determinations  of  CO2  produced  were  made  weekly. 
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TABLE  III 

MILLIGRAIIS 

COg  PRODUCED 

J>ate 

jjoam  300  gr. : 
Untreated 

Loam  300  gr . : 
sugar  : 
beets  : 

.—  .15  S^.,  .  : 

Loam  300  gr . : 
+  swedes  : 

_      15  px.  \ 

juoara  300  gr, 
r  rape 

15  fl;r. 

Nov,  15 
Nov,  22  ; 
Nov,  29 
Dec,  6 
Dec.  13 
Dec,  21 
Jje  c .  2a  , 
Jan.  14 
Jan.  17 
Jan.  28 
Feb.  6 

35.2  ' 

33.0 

50.0 
:  52.0 
:  37.4 

48.4 
:        50. 6 

41.8 
:  37.4 
:  28.6 
:  35.2 

550.0  i 

708.4  ; 

213.4 

235.3 
:  171.6 

132.0 
:  160.0 
:  125.4 
:  103.4 
:  118.3 
:  106.3 

464.2  ; 
484.0  : 
261.8  : 
226.6  ; 
162,8 

:  189.2 

:  165.0 
147.4 

:  132.0 

1  114.4 

400.4 
396,0 
231,0 
244.2 
165.0 
206.8 
:  182.6 
158.4 
:  110.0 
:  149.6 
:  156.2 

TOTALS 

:  449.8 

L  2625.6 

:  2488.2 

.  .2400.2 

Sugar  beets,  Chart  II,  as  might  be  expected,  show  rapid 
decay  at  the  start  but  the  sugar  is  all  oxidized  in  two  weeks, 
after  which  time  the  organic  matter  in  them  is  no  more  decom- 
posable than  that  of  other  materials.    Rutabagas  contain  but 
little  sugar  and  decay  no  faster  than  legume  fodders.  Rape 
is  slowest  at  first  but  as  time  goes  on  it  exceeds  the  others. 

Comparing  the  legumes  with  roots  we  find  that  the  former 
are  more  readily  oxidized  as  time  goes  on,  that  is,  after  the 
sugar  in  the  roots  is  broken  down, 

HUliUS  PRODUCTION 
The  results  of  the  humus  determination  are  as  follows: 

TABLE  IV  '  

Humus,  per  cent       Total  CO2      -  Cg, 

2,96  %  44  Cg, 

3.56  «  248 

3.28  «  262  " 

3.24  «  240 


Soil      No  treatment 
+  Swedes 
*    +  Sugar  beets 
+  Rape 
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The  difference  as  shown  by  the  humus  figures  seeas  the 
more  representative,  since  the  higher  COg  production  for 
sugar  beets  is  due  to  the  sugar.    Rape  falls  in  third  place 
in  both  instances. 


BXPERIMEUT  III 
LITTERS 

The  materials  listed  below  find  their  way  into  the  soil 
through  natural  agencies  or  as  litters  and  were  selected  with 
the  expectation  of  obtaining  large  differences.    It  was 
thought  that  pine  needles  might  even  lower  the  bacterial 
activity,  at  least  for  a  time. 

Pine  needles,  oak  leaves  and  maple  leaves  were  picked 
while  still  green,  air  dried  and  later  oven  dried.  White 
pine  shavings,  as  used  for  litter,  were  oven  dried.  Each 
substance  was  ground  and  sieved,    fifteen  grams  were  used  in 
each  case, 

TABLE  V  MILLIGIUIvTS  CO2  PRODUCED 


Bate 


Loam 
300  gr. 

Untreated 


Loam 
300  gr,+ 
Shavings 
,  15  gr. 


Loam 
300  gr.+ 
Maple  leaves 
15  gr. 


Loam 
300  gr,+ 
Oak  leaves 
15  gr. 


Loam 
300  gr,+ 
Pine  needles 
15  gr. 


Nov.  15 
Nov,  22 
NOV.  29 
Dec,  6 
Dec.  13 
Dec.  21 
Dec.  28 
Jan.  10 
Jan,  17 
Jan.  28 
Feb.  6 


TOTALS 


35,2 
33.0 
50.0 
52,0 
37,4 
48,4 
50,4 
41.3 
37.4 
28,6 
35.2 


449,6 


257.4 
257,4 
118,8 
156.2 
103,4 

88,0 
105.6 
101.2 

77.0 
132.0 

74.3 


1471.3 


275.6 
250.3 
224.4 
211.2 
206.3 
184.3 
167.2 
171.6 
149.6 
143,0 
160.6 


2145.0 


338,3 
303.6 
182.6 
173.2 
187.0 
180.4 
162.8 
147.4 
158.4 
149.6 
116,6 


2105.4 


343,2 
259,6 
224.4 
167,2 
193.1 
184.3 
178,2 
151,3 
136,4 
134.2 
110,0 


2033.4 
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See  Chart  III. 

White  pine  shavings  stand  out  as  a  striking  example  of 
an  inert  substance,  being  lowest  and  slowest  in  CO2  production. 
Maple  leaves  give  a  more  uniform  decline  than  anything  else. 

The  litters  in  general,  as  might  be  expected,  are  not 
as  rapidly  decomposed  as  either  legumes  or  root  crops  and  suggest 
the  importance  of  nitrogen  as  an  aid  to  oxidation,  as  those 
materials  which  are  low  in  nitrogen  are  slow  to  oxidize.  This 
latter  statement  applies  to  the  later  stages  of  decomposition. 


HUMUS  PRODUCTION 


TABLE  VI 


Humus,  per  cent         Total  CO2    -  Cg. 


Soil      No  treatment  2,96  %  44  Cg. 

+  Maple  leaves  3.345  214 

+  Oak  leaves  3.18  210 

+  Pine  needles  3,07  208  «» 

«•    f  Shavings  2.91  "  147  " 


The  rate  of  oxidation,  as  measured  by  humus  production 
and  CO2  production,  follow  the  same  order;  namely,  (l)  maple 
leaves,  (2)  oak  leaves,  (3)  pine  needles,  (4)  pine  shavings. 
It  should  be  noted  that  the  shavings  after  having  been  in  the 
soil  for  three  or  four  months  did  not  increase  the  per  cent 
of  humus,  in  fact,  lowered  it  slightly. 

EXPERIMENT  IV 
CEREALS  AIJD  BUCKWHAT 
Barley,  oats  and  buckwheat  were  used  because  good  samples 
of  them  were  available.    Barley  and  buckwheat  are  quite 
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frequently  plowed  under  as  green  manure  crops,  which  is  not 
true  of  oats.    Plants  that  were  half  matured  were  dried, 
ground  and  mixed  with  the  moist  loam.    The  rate  of  oxidation 
was  as  follows: 


TABLE  VII  MILLIGRA?JS  GOg  PRODUCED 


Date 

T.oam  300  sr.  • 
TTntreated  • 

+  Oats  ; 
■*-r..a±,»..,.  T 

T  rtnm    "^nn    err*  • 

+  Buckwheat  : 

1  S    erf  • 

  AO  gr. 

jjOGun  ouu  gr. 
+  Barley 

Kov.  15  : 

35.2  • 

349.8  ': 

442,2  : 

f/28.6 

Nov.  22  : 

33.0  : 

338.8  : 

283,8  : 

380.6 

Fov,  29  ; 

50.0  : 

242.0  ; 

176,0  ; 

341.0 

Dec.     6  ; 

52.0  J 

239.8 

182.6 

:  281.6 

Dec.  13 

37.4 

176.0 

:  184,8 

:  191.4 

Dec,  21 

:         48,4  : 

;  253.0 

:  133,6 

I  195.3 

Deo,  28 

;  50.6 

;  184.8 

:  125,4 

:  176.0 

Jan .  10 

:  41.8 

:  139.2 

:  162.8 

:  138.6 

Jan.  17 

:  37.4 

:  176.0 

:  160.6 

:  134,2 

Jan.  28 

:  28.6 

:  184.8 

:  158.4 

:  118,8 

Feb,  6 

:  35,2 

:  147.4 

:  136.4 

:  123.0 

TOTALS 

:        449. G 

:  2481.6 

:  2151.6 

;  2529.2  

See  Chart  IV 


Little  or  no  consistent  variation  occurs.  Buckwheat 
appears  to  be  the  most  inert, 

HUMUS  PRODUCTION 


TABLE  VIII 


Huinus.  per  cent 

Total  CO2 

.  Cg. 

Soil      No  treatment 
"    +  Oat  fodder 
♦»    +  Barley  fodder 
«    +  Buckwheat  fodder 

2.96  % 
3.185  " 
3.10 
2.99  " 

44 

248 
252 
208 

Cg. 

M 
N 

N 

Oats  and  barley  are  very  nearly  the  same,  the  variation 


being  within  the  limits  of  error.  Buckwheat  seems  to  be  a 
very  inert  substance,  increasing  the  per  cent  of  humus  almost 


nil,  while  the  total  CO2  given  off  in  three  nontha  is  consid- 
erably lower  than  the  other  material 8, 

GENERAL  OBSERVATIONS 
Before  the  experiment  was  started  it  was  expected  that  a 
wide  variation  in  the  rate  of  decomposition  would  be  shown. 
Wollney^^*^  states  that:     "Legume  straws  containing  a  high 
nitrogen  content  are  easily  decomposed,  grain  straws  are 
more  resistant,  while  leaves  and  needles  are  still  more  so," 
The  results  show  this  to  be  true,  but  the  difference  is  not 
as  marked  as  might  be  expected.    That  white  pine  shavings 
should  increase  the  CO^  production  as  much  as  they  did  is 
peculiar,  so  it  seems  that  the  increased  aeration  afforded 
by  the  loose  material  has  had  some  effect  in  causing  a  greater 
recovery  of  COg. 

It  should  be  remembered  that  all  substances  were  dried 
before  using,  which  may  account  for  the  uniformity  of  the 
results,  although  Lemmerman^^^  found  no  difference  between 
green  and  dry  lucern.    It  would  be  nearly  impossible  to  obtain, 
at  the  same  time,  all  of  the  materials  at  the  proper  stage 
of  growth  ana  normal  moisture  content.    To  place  everything  on 
the  same  basis  it  seemed  advisable  to  dry  each  in  the  same 
degree. 

For  the  sake  of  comparison  the  humus  production  of  all 
the  materials  is  given  on  Chart  V.    It  is  believed  that  these 
results  fairly  represent  the  availability  of  the  substances  used. 

44)  Wollney,  Die  Zerjetzung  der  Organischen  Stoffe,  p.  405 
46)  Lemmerraan,  loc.  cit. 


Chart  V 


Swe  de  s 


5.56" 


Alfalfa 

Maple  Leaves 
Red  Clover 
Soy  Bean© 
Sugar  BeetB 
Rape 
Oats 

Oak  Leaves 
Barley- 
Pine  Needles 
Buckwheat 
Shavings 
Check 


5.45 


5.33 
3.39 


3.285 


3.28 


3.24 


5.135 


3.10 


3.10 

5,Q7& 

2.60 


2.97 


HUMUS  PRODtrCTION 
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ACTION  OF  FERTILIZERS  OH  DECOlJIPOSITION 

A  second  aeries  of  experiments  was  run  along  the  same 
period  as  those  just  cited  in  an  effort  to  determine  whether 
or  not  fertilizer  materials  increased  the  rate  of  decom- 
position.   The  same  fom  of  apparatus  was  Usejd« 

Fifteen  grains  of  soy  hean  fodder  and  one  gram  of  the 
fertilizer  to  he  tried  out  were  added  to  each  flask* 

The  results  follow: 


Soy  heans 

Soy  heans  +  : 

Soy  "beans  +  : 

Soy  "beans  + 

Bate  : 

alone  : 

Sulphate  of  : 

Nitrate    of  : 

Amm.  Phos. 

Ammonia  : 

SodA  : 

Nov.  15  : 

475.2  : 

437.8  ! 

431.2  i 

289.4 

Nov.  22  : 

385.0  : 

365.2  : 

545.6  : 

374.0 

Nov.  29  : 

211.2  : 

220.0 

279.4  : 

136.4 

Dec.    6  : 

213.4 

228.8 

297.0  ; 

198.0 

Dec.  IS  : 

169.4 

156.4 

:  211.2 

180.4 

Dec.  28  , 

237.6 

;  187.0 

:  235.4 

;  224.4 

Jan.  17  , 

195.8 

:  138.6 

;  158.4 

;  173.8 

Jan.  28 

:  117.2 

:  145.2 

:  143.0 

:  154.0 

TOTALS 

:  2054.8 

:  1881.0 

:  2301.2 

:  1830.4 

Continued 

;  Soy  heans  <- 

:  Soy  heans  + 

:  Soy  beans  + 

:  Soy  beans  + 

Date 

:  Calcium 

Acid 

:  Raw 

:  Basic 

:  Cyaneunid 

:  Phosphate 

:  Bone 

:  Slaff 

Nov.  15 
Nov*  22 
Nov.  29 
Dec.  6 
Dec*  13 
Dec.  28 
Jan.  17 
Jan.  28 


244.2 

330.0 
195.8 
206.8 
321.0 
182.6 
283.8 
162.8 


411.2 
374.0 
195.8 
209.0 
180.4 
195.8 
171.6 
132.0 


296.0 
341.0 
228.8 
209.0 
169.4 
220.0 
167.2 
156.2 


1887.4 


413.6 
389.4 
193.6 
283.8 
259.0 
242.1 
187.0 
173.8 


2141.4 


SOT.  13 

Bav.  2'i 

Dec,  13 
Jan.  X7 


Soy  ^ans 

of  Potaob 

191.4 

217.3 
147.4 


9oy  ^ 


352»0 
255.2 
224.4 
20i.4 
158.4 

167.3 

lie  <3 


Soy  t>«ana 

Of  Potaan 


4C7.0 

m.4 

136.4 
171.'* 
134.2 

4.  Jl  A  .  A 


TOTALS  . 


1952. Q.     ;  1700,0 


1562.0 


The  reaulta  jhov  t;i&t  but  tvo  of  the  fertiliser  materials 
tried  out  increaua  the  rate  of  deoay;  thoy  are  nitrate  of 
0Oda  and  baaio  alJig.    I'ho  otnsra  iihon  but  little  effect  with 
thfi  exociptloil  of  kainit  aiii  muriate  of  po<;a9>i,  whicM  doareaae 
the  rate  quite  markedly.    Tho  ruault^  lith  kainit  n^ea  .rith 
the  oarbon  balance  expariiuenta  of  Lenjriermn,  proTioualy 
mentioned. 

Calcium  ayanamld  eontaina  carbon  so  it  la  not  fair  to 
draw  %ny  concluoiona  regardim;  ita  effect  on  organic  decay 
a«  aeaaureci  by  00*^  production,    fio vsrevsr,  it  appears  to  be 
toxic  to  soil  bacteria  as  ie  shown  by  the  markedly  lowered 
tiroduction  the  rirat  two  weoka.    This  toilc  action  seor.a  to 
last  but  one  week,  &{preeing  with  the  recomendationo  of  Brooks, 
Sohneidewand  and  others  tliat  the  mtiterial  bo  opplled  a  woek 
or  two  before  plaiiting  iituUm 

More  e3cper Alien tal  ^^xk  o.^  t>iii»  kind  '-:a-6  been  dene  ;  ith 
sulphate  of  awaonia  th&ii  tiny  other  fertiliaer  and  oor.tradictory 
results  iiiive  been  outalni^d.    Vaxi  t;uc3aein,  uuini;  >:  lijVit 
application  of  sulphate  of  ammonia  and  measuring  the  COg  for 
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a  very  short  period  (12  hours),  obtained  much  more  gas  from  the 
treated  soil.    Jred  and  Hart (46)  ^^j^^  determine-tions  at  two 
day  periods  and,  while  an  increase  over  the  check  is  shown, 
it  is  not  nearly  as  great  as  the  above.    Potter  and  Snyder (47) 
found  a  slight  decrease  in  CO2  production  from  the  use  of 
sulphate  of  ammonia  as  did  the  writer.    The  results  of  the  last 
two  experiments  are  not  entirely  contradictory  to  the  former, 
for  the  time  factor  enters.    It  seems  that  the  immediate 
effect  of  the  salt  is  to  increase  or  stimulate  bacterial 
action,  but  it  is  not  lasting.    The  results  obtained  here, 
as  well  as  those  of  Potter  and  Snyder,  represent  a  length  of 
time  equivalent  to  a  growing  season  and  for  that  reason  should 
be  of  more  practical  value. 

EJ'FECT  ON  HUMUS  CONTEl^ 
The  residues  from  the  oxidation  experiments  were  dried 
and  their  humus  content  determined. 
The  results  were  as  follows: 

 EFFECT  OF  FERTILIZERS  ON  HUMTJa  CONTENT  


Treatment   Per  cent  humus 


Soy 

beans 

15 

gr. 

Alone 

3,285 

% 

M 

H 

M 

H 

Kainit,  1  gr. 

Raw  ground  bone,  1  gr. 

Muriate  of  Potash,  1  gr. 

3.225 

H 

N 

N 

H 

N 

+ 

3.195 

H 

M 

N 

H 

N 

+ 

3.180 

N 

N 

N 

M 

N 

Sulphate  of  Ammonia,  1  gr. 

3.175 

n 

N 

M 

H 

M 

4 

Acid  Phosphate,  1  gr. 

3.155 

II 

N 

N 

N 

M 

1 

Calcium  Cyanamid,  1  gr. 

3.130 

n 

M 

!•  W 

M 

H 

t 

Sulphate  of  Potash,  1  gr. 

3.035 

H 

N 

H 

M 

II 

+ 

Ammo  Phos,  1  gr. 
Rock  Phosphate,  1  gr. 

3.000 

II 

N 

N 

M 

M 

I- 

2.990 

n 

N 

H 

N 

M 

}■ 

Basic  Slag,  1  gr. 

•  2.970 

N 

N 

N 

II 

N 

^■ 

Nitrate  of  Soda,  1  gr. 

2.865 

N 

(46)  Fred  and  Hart,  loc.  cit, 

(47)  potter  and  Snyder,  loc.  cit. 


Thoae  Materials  which  «ar>:«dl.y  aepresifled  the  produatlon 
of  kalnit  and  auriata  of  potash  c^iiaed  the  X9«iit 

looa  In  hunun.    TnU  in  ahotm  by  the  reX^tiyely  high  himim 
content  in  the  Jaro  treated  with  those  eu^jetanoeti.    On  the 
other  hand  the  materiBH  whioh  inoreaeed  the  production  of 
CO2,  Ti«*,  elag  and  nitrnte  of  eoda,  hare  markedly  lowered 
the  hw.v.!i  content.    Considering  thie  one  may  infer  that 
fertilisers  aot  upon  the  eoll  humus  and  not  upon  the  qrude 
organic  matter.    One  would  expeot  the  continued  use  of 
wAteriale  like  nitrate  of  eodA  to  ouuee  a  rapid  depletion  of 
the  ecll*e  hur?ue  content, 

Stn.!MARY  Alfi)  COJSCLUSIOS 
X,    The  legiir.ee  which  are  hi^^  in  nitrogen  ahow  a  more  rapid 
rcte  cf  decB^r  then  strawa  and  littera  whioh  ere  low  in 
nitrogen,    Ritrogen.  then«  aeems  to  influence  deooa* 
poaition, 

2,  On  farma  where  animal  manures  are  not  available  the 

ohoice  of  green  manures  and  ooyer  oropa  ia  important. 
The  results  indicate  that  le^sunes  would  be  most  desir* 
Ablt  en  such  farms, 

3,  Cyanamid  appears  to  be  toxic  to  soil  bacteria,  or  at 

Xtast  arrests  the  decay  of  organic  matter  for  two  weeks 
after  application, 
4*    Commercial  fertilizers  apparently  aot  upon  soil  humus, 
decomposing  it  quite  rapidly.    They  apparently  do  not 
aot  upon  crude  organic  matter  in  the  same  way. 


